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DUAL GATE STRUCTURE FOR A FET AND METHOD FOR FABRICATING SAME 

FIELD OF THE INVENTION 
5 Embodiments of the present invention relate to field 

effect transistors (FETs) . In particular, embodiments of the 
present invention relate to a gate structure for improved 
performance characteristics in FETs. 

10 BACKGROUND ART 

Junction field effect transistors ( JFETs) are majority 
carrier devices that conduct current through a channel that 
is controlled by the application of a voltage to a p-n 
junction. JFETs may be constructed as p-channel or n-channel 
15 and may be operated as enhancement mode devices or depletion 
mode devices. Similar to the JFET is the metal-semiconductor 
field effect transistor (MESFET) . In MESFETs, a junction 
between a metal and a semiconductor is used to create a 
Schottky barrier that takes the place of the p-n junction of 
20 the JFET. 

The most common JFET type is the depletion mode type. 
The depletion mode device is a "normally on" device that is 
turned off by reverse biasing the. p-n junction so that pinch- 
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off occurs in the conduction channel. P-channel depletion 
mode devices are turned off by the application of a positive 
voltage between the gate and source (positive V gs ) , whereas n- 
channel depletion mode devices are turned off by the 
5 application of a negative voltage between the gate and source 
(negative V gs ) . Since the junction of a depletion mode JFET is 
reverse biased in normal operation, the input voltage V gs can 
be relatively high. However, the supply voltage between the 
drain and source (V ds ) is usually relatively low when the 
10 device is turned on. 



Prior Art Figure 1 shows a general schematic for an n- 
channel depletion mode JFET with V gs = V ds = 0. The JFET has 
two opposed gate regions 10, a drain 11 and source 12. The 

15 drain 11 and source 12 are located in the n-doped region of 
the device and the gates 10 are p-doped. Two p-n junctions 
are present in the device, each having an associated 
depletion region 13. A conductive channel region 14 is shown 
between the two depletion regions 13 associated with the p-n 

20 junctions. In operation, the voltage variable width of the 
depletion regions 13 is used to control the effective cross- 
sectional area the of conductive channel region 14. The 
application of a voltage V gs between the gates 10 and source 



LOVO-058/ACM/MDM 



2 



12 will cause the conductive channel region to vary in width, 
thereby controlling the resistance between the drain 11 and 
the source 12. A reverse bias, (e.g., a negative V gs ) , will 
cause the depletion regions to expand, and at a sufficiently 
5 negative value cause the conductive channel to "pinch off", 
thereby turning off the device. 

The width of the depletion regions 13 and the conductive 
channel region 14 are determined by the width of the n-doped 

10 region and the dopant levels in the n-doped and p-doped 
regions. If the device shown in Figure 1 were constructed 
with a narrow n-doped region, such that the two depletion 
regions merged into a single continuous depletion region and 
the conductive channel region 14 had zero width, the result 

15 would be the device shown in Prior Art Figure 2. 

Enhancement mode, or "normally off" JFETs are 
characterized by a channel that is sufficiently narrow such 
that a depletion region at zero applied voltage extends 
20 across the entire width of the channel. Application of a 

forward bias reduces the width of the depletion region in the 
channel, thereby creating a conduction path in the channel. 
P-channel enhancement mode JFETs are turned on by the 
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application of a negative V gs , and n-channel enhancement mode ^ 
JFETs are turned on by the application of a positive V gs . The 
input gate voltage of an enhancement mode JFET is limited by 
the forward voltage of the p-n junction. 

Prior Art Figure 2 shows a general schematic of an n- 
channel enhancement mode JFET with V gs = V ds = 0 . The 
enhancement mode device is "normally off" since the 
conductive channel width is zero due to the extent of the two 
depletion regions 13B. The application of a sufficient 
forward bias (e.g. positive V gs ) to the device of Figure 2 
will cause the depletion regions 13B to contract, thereby 
opening a conductive channel . 

Although the depletion mode and enhancement mode devices 
shown schematically in Figure 1 and Figure 2 are n-channel 
devices, depletion mode and enhancement mode devices could be 
constructed with a reversed doping scheme to provide p- 
channel devices. 

JFETs are capable of being driven' by low voltages while 
maintaining excellent breakdown characteristics when compared 
to MOSFETs. Since there is no insulator associated with 
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gate/drain and gate/source interfaces of a JFET (only a p-n 
junction), forward bias results in conduction at a voltage 
that is very low compared to the reverse bias that the device 
is capable of withstanding. JFETs also have a much greater 
5 resistance to damage from electrostatic discharge (ESD) than 
MOSFETs. 

Historically, metal-oxide semiconductor field effect 
transistors (MOSFETs) have been much more widely used than 

10 JFETs, and among JFETs, the depletion mode device has been 
more widely used than the enhancement mode device. However, 
the adoption of submicron processes for device fabrication 
and the resulting higher speeds, lower voltages, and greater 
current demands in integrated circuits has created new 

15 opportunities for the application of JFETs. 

As improvements in photolithographic processes has 
reduced the lateral resolution for device features, the 
vertical composition of device features (e.g., the gate and 
20 its associated p-n junctions) has remained relatively 
unchanged with respect to processes involving ion 
implantation and thermal diffusion. 
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\ For vertical FET devices, the lack of close control over 
the device characteristics in the vertical dimension results 
in longer channel lengths, increased leakage current, and 
increased parasitic capacitance. 

5 

Thus, a need exists for a method that provides improved 
control over the vertical feature characteristics in JFETs 
and MESFETs . There is also a need for a gate structure with 
improved performance characteristics. 
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SUMMARY OF INVENTION 

Accordingly, embodiments of the present invention 
provide enhanced control over the vertical characteristics of 
gate structures of JFETs and MESFETs. In embodiments of the 
5 present invention, multiple ion implantation steps are used 
to provide a dual gate structure that reduces the effective 
channel length, leakage current, and parasitic capacitance in 
JFETs and MESFETs. 

10 A method for fabricating a dual gate structure for JFET 

and MESFET devices is disclosed. Trenches are etched in a 
semiconductor substrate for fabrication of a gate structure 
for a JFET or MESFET. A sidewall spacer may be formed on the 
walls of the trenches to adjust the lateral dimension for a 
15 first gate. Following the formation of the first gate, a 
buffer region is implanted below the first gate using a 
complementary dopant and a second sidewall spacer with a 
thickness that may be the same or greater than the thickness 
of the first sidewall spacer. Subsequent to the buffer 
20 implant, a second gate is implanted beneath the buffer layer 
using a third sidewall spacer with a greater thickness than 
the first sidewall spacer. 
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In a particular embodiment of the present invention, a 
JFET is fabricated with two gates. The first gate is 
implanted at a first implant energy, and a second narrower 
gate is implanted at a higher implant energy than the first 
gate. A buffer layer is implanted between the two gates using 
a dopant that is complementary to the dopant used in the two 
gates. The first gate is a control gate, and the second gate 
may be left floating, or may be used as a second control 
gate. 

These and other objects and advantages of the present 
invention will no doubt become obvious to those of ordinary 
skill in the art after having read the following detailed 
description of the preferred embodiments which are 
illustrated in the various drawing figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Prior Art Figure 1 shows a general schematic for an n- 
channel depletion mode junction field effect transistor 
5 (JFET) . 

Prior Art Figure 2 shows a general schematic for an n- 
channel enhancement mode junction field effect transistor 
(JFET) . 



10 



15 



20 



Figure 3A shows a cross-sectional view of a vertical 
JFET substrate with trenches and sidewall spacers in 
accordance with an embodiment of the present claimed 
invention. 

Figure 3B shows a cross-sectional view of the substrate 
of Figure 3A after the formation of a first gate region in 
accordance with an embodiment of the present claimed 
invention. 

Figure 3C shows a cross-sectional' view of the substrate 
of Figure 3B after the formation of a wide buffer layer in 
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accordance with an embodiment of the present claimed 
invention. 

Figure 3D shows a cross-sectional view of the substrate 
5 of Figure 3B after the formation of a narrow buffer layer in 
accordance with an embodiment of the present claimed 
invention. 

Figure 3E shows a cross-sectional view of the substrate 
10 of Figure 3D after the formation of a second gate region in 
accordance with an embodiment of the present claimed 
invention. 

Figure 3F shows an annealed dual gate JFET structure in 
15 accordance with an embodiment of the present claimed 
invention. 

Figure 3G shows an annealed dual gate MESFET structure 
in accordance with an embodiment of the present claimed 
20 invention. 
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Figure 4 shows a process flow diagram for fabricating a 
dual gate structure for a FET in accordance with a method 
embodiment of the present claimed invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description of the present 
invention, a dual gate structure and a method for fabricating 
the structure; numerous specific details are set forth in 
order to provide a thorough understanding of the present 
invention. However, it will be obvious to one skilled in the 
art that the present invention may be practiced without these 
specific details. In other instances well known methods 
involving photolithography, ion implantation, deposition and 
etch, etc., and well known structures such as ohmic contacts 
and barrier metallization, etc., have not been described in 
detail so as not to unnecessarily obscure aspects of the 
present invention . 

U.S. Patent Applications No. 10/158,326, "Method and 
Structure for Reduced Gate Capacitance," (filed 5/29/02) and 
No. 10/191,030 "Method and Structure for Double Dose Gate in 
a JFET," (filed 7/2/02), are assigned to the assignee of the 
present invention and describe gate structures and methods of 
fabricating same. Both applications are hereby incorporated 

,s' 

herein by reference. 
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Figure 3A shows a cross-sectional view of an n-type 
substrate 300 with trenches 305 and sidewall spacers 315a on 
the walls of the trenches 305. The sidewall spacers may be 
thermally grown or deposited. The substrate 300 comprises an 
n + layer 310 on the top surface to provide ohmic contact for a 
drain connection, and an n + layer 305 on the bottom surface to 
provide ohmic contact for a source connection. The substrate 
region between the two adjacent trenches 305 forms the 
channel region for the JFET. In the present example, silicon 
is used as a representative semiconductor substrate material. 
However, other semiconductor materials may be used (e.g., 
silicon carbide, gallium arsenide, or gallium nitride) . 

Figure 3B shows a cross-sectional view of the substrate 
of Figure 3A after the formation of a first gate region 320 
for a JFET has been formed by low energy ion implantation of 
a p-type dopant (e.g., boron). Alternatively, a first gate 
for a MESFET may be formed by deposition of a suitable 
Schottky barrier metal on the bottom of the trench 305 (see 
Figure 3G) . The sidewall spacers 315a 'serve as a mask that 
establishes the width of the first gate. 
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Although Figure 3B shows an n-type substrate and a p- 
type gate implant, as is used in an n-channel device, a p- 
type substrate may be used to fabricate a p-channel device. 
The p-type and n-type dopants are complementary to each 
5 other. 

Figure 3C shows a cross-sectional view of the substrate 
of Figure 3B after the implantation of a buffer layer 325a. 
In this embodiment, the buffer layer 325 implant uses the 
10 same spacer 315a that was used for the first gate formation. 
Thus, the buffer layer implant has essentially the same width 
as the first gate implant (or Schottky metal) . 

Buffer layer 325a uses a dopant that of the same type as 
15 the substrate 300 (e.g., phosphorus for n-type) and provides 
additional flexibility in tailoring the characteristics of 
the first gate p-n junction. The buffer layer 325a may be 
used to effectively "trim" the first gate and thus reduce the 
channel length of the first gate. 

20 

Figure 3D shows a cross-sectional' view of the substrate 
300 after the formation of a narrow buffer layer 325b. The 
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narrow buffer layer is achieved by using a relatively thick 
spacer 315b. 

Figure 3E shows a cross-sectional view of the substrate 
5 300 of Figure 3D after the formation of a second p" gate 

region 330. The second gate region 330 is formed by a high- 
energy low dose implant (e.g., boron) using a relatively 
thick spacer 315b. In general, the spacer used for the second 
gate implant is thicker than the spacer used for the 
10 formation of the first gate, and results in the second gate 
being narrower than the first gate. 

The second gate may be connected as a control gate for 
the FET, or it may be left floating. As a floating gate, the 

15 second gate is kept narrow so that unwanted pinch off of the 
channel through overlapping depletion regions does not occur. 
The p-n junction associated with the second gate provides an 
additional gate/drain capacitance (C gd ) that is in series with 
the C gd of the first gate, thus reducing the overall C gd . The 

20 second gate also reduces the overall gate/drain current (I gd ) • 
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Figure 3F shows an annealed dual gate JFET structure in 
accordance with a first gate 320a and a second gate 330a. The 
dual gate structure shown is the result of three separate 
implants. The anneal of the implants may be done as a single 
step after all implants have been made, or the anneal may be 
done in stages interspersed with the implant steps. The dual 
gate structure is the result of a superposition of three 
implant steps, and provides considerable flexibility in 
tailoring the substrate composition in the vertical dimension 
to achieve particular performance characteristics for the 
JFET. 

Figure 3G shows an annealed dual gate MESFET structure 
having a deposited first gate 335 and an implanted second 
gate 330. The MESFET requires only two implants, one for the 
buffer layer as previously described, and one for the second 
gate. 

Figure 4 shows a process flow diagram 400 for 
fabricating a dual gate structure for a JFET or MESFET. In 
step 405, trenches are etched in the surface of a substrate. 
In step 410, a sidewall spacer may be formed to establish the 
width of the region to be implanted for a first gate. In the 
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absence of the sidewall spacer, the width of the implant 

N 

region is essentially the width of the bottom of the 
trenches. 

5 In step 415, the first gate is formed. The gate may 

formed by depositing a metal to form a Schottky barrier on 
the bottom of the trench (e.g., for a MESFET) , or an implant 
may be done to form a gate region with a p-n junction (e.g., 
for a JFET) . 

10 

In step 420, a second sidewall spacer may be formed to 
establish the width of a buffer region. The second sidewall 
spacer has a thickness that is greater than or equal to the 
thickness of the first sidewall spacer. 

15 

In step 425, an implant is performed to form a buffer 
region beneath the first gate. The buffer region is implanted 
with a dopant that is of the same type as the substrate. 

20 In step 430, a sidewall spacer is formed for defining 

the width of a second gate. The sidewall spacer for the 
second gate is thicker than the sidewall spacer, used for the 
first gate. 
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In step 435, the second gate region is implanted using a 
high-energy low dose implant. The second implant produces a 
second gate that is narrower than the first gate and 
5 separated from the first gate by the buffer region. 

In step 440, the implants are annealed. The anneal may 
be done after all implants have been performed, or it may be 
done in stages. Piecewise annealing may be used when the 
10 second gate is implanted first, followed by the buffer 
implant. Once annealed, the deep implant will not be 
subjected to knock-on damage by subsequent shallower 
implants . 



15 The foregoing descriptions of specific embodiments of 

the present invention have been presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed, and obviously many modifications and variations 

20 are possible in light of the above teaching. For example, 

there are many combinations of the parameters for the implant 
and anneal process steps, and their sequencing,,, that may be 
used to produce the structures described herein. The 
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embodiments were chosen and described in order to best 
explain the principles of the invention and its practical 
application, to thereby enable others skilled in the art to 
best utilize the invention and various embodiments with 
various modifications are suited to the particular use 
contemplated. It is intended that the scope of the invention 
be defined by the Claims appended hereto and their 
equivalents. 
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